The pure rotational 6-type spectrum of the van der Waals complex Ne-CO has been measured using a pulsed jet, intracavity millimeter wave spectrometer. The millimeter wave generation is based on the OROTRON principle. The high sensitivity of the spectrometer allowed measurements of R( J), K = 1 0 transitions between 108 and 150 GHz of the Ne isotopomers 2() Ne-CO and 22 Ne-CO. This new millimeter wave data set together with the microwave data in the literature, i.e. a-type microwave transitions, yield in a fit to an asymmetric rotor a reliable set of ground state constants. These are for 2(, Ne-CO: A = 107127.021(14) MHz, B = 3479.6597(95) MHz, and C = 3039.5387(93) MHz. For both 20 Ne-CO and 22 Ne-CO, a global fit to a near-symmetric rotor was performed, taking into account the infrared and microwave transition frequencies from the literature and the millimeter wave measurements of the present work.
Introduction
Among the rare gas-CO van der Waals complexes, Ne-CO is one of the less extensively investigated ones, although several studies, both experimental and theoretical, have been recently performed. First evidence of the existence of Ne-CO came from the measurements of the infrared spectrum of the CO subunit's stretching fundamental at 2140 cm [1] . The spectra of 20 Ne-CO and 22 Ne-CO were recorded using two complementary techniques: a cold static gas cell in conjunction with a Fourier transform (FT) spectrometer and a tunable diode laser spectrometer with a pulsed supersonic jet. The pulsed beam FT microwave technique was used in order to investigate the lowest pure rotational a-type transitions of several isotopic modifications of Ne-CO in the frequency range of 6.0 to 26 GHz [2] . The main isotopic modification 20 Ne-CO was studied in more detail by using a combination of a diode laser spectrometer with a long-path low-temperature absorption cell [3] . In a recent communication [4] , we reported the detection of millimeter wave transitions arising from the K = 1 <-0 subband of 20 Ne-CO, 21 Ne-CO, and 22 Ne-CO. The accurate experimental determination of the molecular parameters of the Ne-CO complex provides the most sensitive test for the recent ab initio potential energy surfaces [5, 6] .
In the present paper we complete these earlier measurements by reporting 17 ß-branch transitions for the Ne isotopic species 20 Ne-CO and 22 Ne-CO. They belong to the i?-branch with J < 10, v = 0 0 and K a = 1 0. Several new higher J transitions were measured due to a new OROTRON part, which enables detection in higher frequency ranges (130-170 GHz). For 20 Ne-CO and 22 Ne-CO it was possible to combine these newly obtained data with the a-type transitions from [2] , and with those measured in the IR [1] . To obtain rotational constants two approaches were chosen:
(i) The description of the complex as an asymmetric rotor by the aid of the Pickett software package, and
(ii) a model Hamiltonian for a near-symmetric rotor in conjunction with standard fit routines.
Throughout the paper, the K quantum number is used in order to designate the K a of Ne-CO in the asymmetric rotor notation.
Experimental Details
The experimental data presented in this paper were obtained with a newly designed and constructed 0932-0784 / 2000 / 0800-768 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com highly sensitive intracavity millimeter-wave spectrometer called OROTRON, in combination with a pulsed supersonic jet. The cavity consists of a semi-concentric FabryPerot arrangement with a movable spherical mirror and a fixed planar mirror. This system serves as a high-quality resonant cavity and simultaneously as a source for the generation of millimeter waves [4] .
The radiation is generated due to the planar mirror's periodic structure, which modulates the velocity of an electron beam emitted by a heated cathode. Those frequencies are amplified, which correspond to one of the cavity modes. The cavity is also used as the probe cell for the gases to be investigated. Therefore the cavity consists of two parts: a high vacuum region with the electron beam, which is separated from the pulsed-jet compartment by a mica-window. Absorption due to molecules in the jet is directly affecting the current of electrons which reach the collector.
The radiation frequency is measured by coupling out a small fraction of the power and mixing it with the output of a microwave synthesizer. The difference signal is then counted by a frequency meter. Signal to noise ratio enhancement is achieved by a double modulation technique -the 25 kHz source modulation of the OROTRON and the 5-10 Hz jet modulation are demodulated by a lock-in amplifier and a gated integrator.
The OROTRON was mounted inside a vacuum chamber. The supersonic jet was injected into the cavity by a pulsed valve and pumped out of the vacuum chamber by a 10001/s diffusion pump. Typically, 2 % of CO in Ne was used for the production of the Ne-CO complexes. All measurements with 22 Ne-CO were performed in natural abundance. The preliminary frequency predictions for 20 Ne-CO and 22 Ne-CO were calculated on the basis of the IR work [1] .
Analysis and Discussion
The frequencies of the newly measured transitions of the Ne-CO isotopomers are given in Tables 1 and 2 .
To give an impression of how the signal quality looks like, three .R-branch transitions with higher J for 20 Ne-CO R{ 7)
145383.630 MHz The Ne-CO transitions measured during this work were fitted together with the microwave data [2] and the IR data [1] . This was carried out in two ways: (i) By treating Ne-CO as an asymmetric rotor. For this model fitting, the widely utilized software package by Pickett [9] was used (only with ground state data); (ii) a near-symmetric rotor energy level expression [7, 8] was used in fitting the different Ä'-branches individually.
(i) In the case of the asymmetric rotor model for 2() Ne-CO, four a-type rotational transitions with K = 0, five a-type rotational transitions with K = 1 [2] , and ten 6-type rotational transitions between K = 0 and K = 1 of the present work were included in the fit file for the Pickett software package. The line positions are reproduced by the fit with experimental accuracy. The constants, which are shown in Table 3 , can be compared with those given in [2] . For reference, these constants are given in the third column of Table 3 . The observation of the 6-type millimeter wave transitions allowed us to determine accurately the value of the difference A -Dk directly from the fit. The D k centrifugal distortion constant was fixed on the value of 0.2485 cm -1 , which was obtained in the IR work [1] , The corresponding value of A is given in Table 3 .
For
22 Ne-CO, only four a-type rotational transitions with K = 0 were detected in the microwave range [2] . As the recorded seven 6-type i?-branch transitions of the present study probe only one of the two asymmetry splitting components of the K = 1 state, additional information was necessary for the fit in order to determine the splitting parameters. Such information could be obtained in the millimeter wave range by measuring the Q-branch of K = 1 <-0 btype transitions, which probe another splitting component. These transitions are presently outside the spectral range of our intracavity OROTRON jet spectrometer, and therefore they could not be measured in this work. The appropriate microwave data concerning the a-type transitions in the K = 1 state were also absent for 22 Ne-CO.
Instead, we obtained the transition frequencies of two Q-branch 6-type millimeter wave transitions by combining the available infrared and microwave data given in [1] and [2] , These two transitions with their "experimental" frequencies, namely Q(2) at 96936 MHz and Q(3) at 97466 MHz, were included in the fit with appropriately lower weights (according to the IR accuracy of 30 MHz). The resulting constants are listed in the last column of Table 3 . Similarly to the 20 Ne-CO, A -Dk was obtained directly from the fit and the given A value is shifted upwards by the IR value of Dk = 0.2461 cm -1 . (ii) The second approach for retrieving molecular parameters was composed of interpreting Ne-CO as a near-symmetric rotor. The following energy level expression was already successfully used for Ar-CO and Kr-CO. In [1] it was employed to fit about 105 transitions for 20 Ne-CO and 88 for 22 Ne-CO, which were assigned to perpendicular subbands with K = 1 0 and K = 0 1 and a parallel subband with K = 0 <-0.
To reproduce the measured transitions within experimental accuracy and to have the parameters well defined we added L and h for the t>(CO) = 0 states. The a are the band origins of each stack of levels denoted by vqo and K. The asymmetry splitting term, AEk, is zero for K = 0. In case of the main isotopic modification 20 Ne-CO, it was shown in [3] that the IR experimental data concerning higher K states of the complex are better described by representing each individual stack of asymmetry-doubling levels with an independent power series and by keeping only the common band origin. Such a global fit of all the infrared and microwave data was carried out for 20 Ne-CO in [3] . Here we confined ourselves on the incorporation of the present millimeter wave data (9 transitions), the microwave data (9 transitions) and the data from the infrared concerning the states with K = 0 and K = 1. The results of the fit are given in Table 4 .
In the case of 22 Ne-CO, the 7 transitions measured with the OROTRON were fitted together with 4 a-type microwave transitions and the data from the IR. The results of the fit are given in Table 5 .
The molecular parameters obtained for 20 Ne-CO and 22 Ne-CO are in good agreement with those given by Randall et al. [ 1 ] . We note here, that the millimeter wave and the microwave transitions were measured with much higher accuracy than the IR data. Therefore their use allowed us to determine the constants of the fit with higher accuracy in comparison with [1] . In particular, the band origin for the K = 1 stack of the complex could be obtained now very accurately.
In both fitting models the number of parameters was chosen that way to have O-C values within or near the experimental accuracy and to have the parameters well defined. Therefore e. g. in the case of the near-symmetric rotor the parameters L and h were not introduced for the t>(CO) = 1 levels because we have sufficient precise measurements only for the ground state. One can compare O-C values for both models in the Tables 1 and 2 . Both models, the near-symmetric rotor and the asymmetric rotor, show their limitations in the case of Ne-CO, which is considerably more unrigid than similar complexes like Ar-CO or Kr-CO. In the case of the asymmetric rotor e. g. $ jk and the parameter Ljjk, which is of next higher order, are of comparable absolute value. In the near-symmetric rotor fit we omitted the R(\0) transition of 20 Ne-CO in the fit because O-C values went too high otherwise. Adding an additional constant to gain better results leads to less well defined constants.
In comparison to the Ar-CO complex, which was first observed by DePiante et al. [10] , much less data are available for the Ne-CO complex. Especially, the 22 Ne-CO and 2 'Ne-CO complexes are still not well characterized. The situation could be substantially improved by millimeter wave observations of the Qbranch K a = 1 0 &-type rotational transitions. This would make possible the first determination of the rotational constants of the 2 'Ne-CO complex, and would allow an improvement of the accuracy of the rotational constants of 22 Ne-CO.
